Abstract. Technologies get dated in their life cycles and eventually their cost effectiveness is not as when they were new. One of these significant developments in air separation units is the reduction of regeneration temperature requirement and pressure drop across Molecular Sieve, which were expected to reduce the total power consumption. The impact of these expected developments were evaluated on oxygen specific power. The two developments methods were tested in this paper. The first method was the adoption of new molecular sieve that will consume less power than the current molecular sieve by 50%. The second development method was the modification of vessel layout, where two bed of molecular sieve can be used, which will reduce the pressure drop across molecular sieve system. The effect of these two methods was evaluated on oxygen specific power. The results showed that a negligible impact on oxygen specific power in case of the modification of vessel layout, where a significant impact in oxygen specific power was noticed by adoption of a new molecular sieve that consumes lower power than the current. This encourages the investment on molecular sieve development not on modifying the layout of vessel for the purpose of pressure drop reduction.
Introduction
Technological Forecasting (TF) became one of the important tools of technology management, its significance increased dramatically parallel to the increment on innovations number and the open market resulted by Globalization. It played a strong role in technology's life cycles.
Competitiveness and performance of all industrial organizations are greatly affected by the technological capabilities of these organizations, which are broadly determined by the technological regime in which the organizations operate. The industrial sectors started as projects, which rest on different technologies either for making a product or for providing a service, the decisions need to be made in all phases of technology's life cycle. However, technologies get dated with time and their cost effectiveness will not be as good as the cost effectiveness of new technologies [1, 2] .
Meredith and Mantel [1] defined Technological Forecasting as the process of predicting the future characteristics and timing of technology, it is an important process to have accurate judgment and decisionmaking or at least close to the right one.
All Market leaders believed on one common vision, to be a leader in their field and they believed on the effect of the technological developments in their competitiveness in the market and the significance of TF in assessing the current technologies as a part of technology management role [3] . Adoption of new technologies introduces new risks for the society and TF used to mitigate these risks [4] .
Technological Forecasting Methods Selection
Characteristics of different technologies are not the same, moreover the development rate for technologies are not identical. TF application required data gathering, where data availability are not the same for all technologies, these differences leaded researchers to develop methodologies to match TF methods to a technology, that is going to be forecasted, which enhanced TF methods selection. Mapping TF methods to technologies required some alignment based on the characteristics of both technologies and TF methods [5] .
Application of single TF method is not leading to the required strength in forecasting results, many factors can affect TF results, and these may be captured by using alternative approaches. Combining can reduce errors arising from faulty assumptions, bias, or mistakes in data, a single TF not recommended to be used alone and combining forecasts is an appealing approach will enhance the accuracy of TF results [6] .
Wang and Lan recommended combining scenario analysis with substitution model, since scenario analysis is not capable to provide sustained quantitative forecasts, while substitution model offers quantitative forecasts but the influence of causative agent(s) will not be considered, which leads to weakness in forecasting results. Their study showed the necessity for combining these two methods, since they are complementary for each other [7] .
Combining TF became common practice by most of researcher for example, scenario analysis, Delphi, and the technological substitution model were used together to forecast organic light-emitting diode [8] .
Air Separation Units
Air Separation processes known as separation of industrial gases like oxygen, nitrogen and argon gases from air in large scale. Thorogood considered air cryogenic air separation mature technologies [9] . However, his consideration is not valid any more since many patents published in cryogenic air separation and ongoing developments, 429 US patents were disclosed in 1990 to 1999 for air separation process, 40-45% of these patents were related to cryogenic air separation. It was stated that there seems to be plenty of room for innovation in air separation process [9] [10] [11] .
Vinson stated that ASU technology is not a mature technology since significant advances continue to be made in the design efficiency and operating optimization of these processes [12] . This advances were driven by the recent rise in energy prices, which will drive further improvements in the industry, and may catalyze additional research aimed at further improvements in control and operability of air separation processes [12] .
Generally the industrial gas processing is classified into two main categories:  Non-cryogenic industrial gas processing  Cryogenic industrial gas processing 
Air Separation Unit ASU-51
The air separation unit used in this paper (ASU-51) was classified as a cryogenic liquid pump plant as shown in Fig. 2 . It was equipped with internal compression pump (IC-Pump). The unit is designed to produce 2682 metric ton/day of oxygen, which is equivalent to 78225 Nm 3 /hr. It has only one measuring point for oxygen gas (P). The total power consumption of the unit is collected by adding all the power consumption of equipments involved in oxygen production as follows:
 Power of air compressors  Power of regeneration heaters  Power of all pumps involved in production
The oxygen specific power is calculated by the following equation:
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Non-Cryogenic Industrial Gas Table 1 shows the data collected for the unit with the calculated oxygen specific power. The average of the total power consumption is 50760 Kw/hr and the average of the total oxygen production is 75337 Nm 3 /hr, this production is near to the designed production value of 78225 Nm 3 /hr, which means the production was 3.6% less than the designed production, which is within the acceptable limit, determined by ±5%. The oxgyen specific power ranged between 0.639 kw/Nm 3 and 0.702 Kw/Nm 3 , and the total oxygen production ranged between 67096 Nm 3 /hr and 83293 Nm 3 /hr. If the price of each Mw is 32$, which means saving 135 $ if the unit is running with the maximum production rate, the saving can be 135 $ * 24 hr * 365 = 1182600 $/year.
Technological Forecasting for Cryogenic Air Separation Units
Cryogenic air separation units were considered to be the most cost effective technologies used for industrial gas production for large quantities and high purity. Bibliometric and patents review showed that intensive developments took place in cryogenic ASU technologies, focused on the following scopes:  To increase the production quantities and improve the quality of the products  To improve the safety level, and reduce the impact of pollution on ASU performance  To reduce the power consumption associated with production This paper focused on the developments that may reduce the power consumption of ASUs and especially in purification system since it consumes most of the ASUs power.
The purification system at ASU is used to extract impurities such as water vapor, CO2, nitrogen oxide, and other pollutant from the air, where their present will lead to their freezing and creates chocks in the cryogenic units, their present my cause exposition in some cases, this system consist of reverse heat exchanger (REVEX) in their early years. Technological forecasting showed that REVEX is an obsolete technology as it consumes about 50% of ASU power. This technology was replaced by the molecular sieve (MS) technology, which is used in the unit of our case study. The patents review also showed that most of the development was done in purification system, where molecular sieves were used. The adsorption capability and heat consumption are the areas of interest in these developments [13] . Figure 3 shows the general layout of the MS system which consists of two beds of molecular sieve. In normal operation, one bed will be in service, where it will absorb the water vapor and pollutants gases, and the other one will be under regeneration, where waste nitrogen is heated and used for regeneration of saturated bed and removing the adsorbed water vapor and pollutants. During the regeneration steps, the outlet temperature needs to be approximately 120°C, which is the requirement for full regeneration of used molecular sieve. The technological forecasting through patents review of MS showed that the regeneration temperature was about 200°C and improved further to 150°C [14] . The current regeneration temperature of the unit used in this research is around 120°. The following data will be used in TF extrapolation:
 120°C (from the current reading of the unit used in this research) The extrapolation method used to forecast the future regeneration temperature. Figure 4 shows that the regenerated temperature is expected to be reduced to about (60°C) before year 2020, which means that there will be (50%) reduction for the heater power consumption. Patent review showed a new layout of MS vessels, where two vessels can be used in service instead of one, this will reduce the pressure drop across the MS system to about (50%). Figure 5 shows the new layout of MS vessels where the pressure drops are expected to be lowered by 50%. The reduction in the pressure drop across ASU unit will reduce the power consumption. Using two MS beds will reduce the pressure drop to (50%) and reduce the power consumption of main air compressor (MAC) [15] . 
Impact of Forecasted Developments on Oxygen Specific Power
Strategic planning and decision-making need to be supported by forecasting the impact of the forecasted development. Two suggested developments on ASU are:
 Development of a new molecular sieve which consumes 50% less power than the current power required for the regeneration process  Modification of molecular sieve layout, where two beds can be used in parallel to reducing the pressure drop, which will also reduce the power consumption The expected regeneration temperature will be (60°C ) before 2020, which is 50% less than the current
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For the technological forecasting to the unit selected in this research, by adjusting the power consumption to 50% reduction of power consumption for temperature regeneration. The oxygen specific power was calculated by using the reading obtained from the unit used in this research. Table 2 shows the result of the recalculations. The following is an example of this calculation as shown in row 2 of Application for extrapolation method of TF is shown in Fig. 4 , which shows that there will be 50% reduction in the temperature requirement of the new molecular sieve, and will reduce the total power consumption and reduce the oxygen specific power as per the following formula:
Forecasted Specific Power = (51222 -1522 × 0.5)/76161 = 0.663 Kw/Nm 3 as for row 2 of Table 2 .
The second suggested development was done to forecast the impact of using two beds in parallel, where the pressure drop was expected to be lowered by 50% as disclosed by [14] . ASU-51 was selected to forecast the impact of the second development on performance. The pressure drop across the molecular sieve is about 0.056 Kg/cm 2 as per the specification.
The power required to build up pressure of 1 kg/cm 2 was measured 24.3/4.37 = 5.5 Mw/hr/Kg/cm 2 as shown in Fig. 6 , where 24.3 Mw/hr is the difference in power consumption of the main air compressor (MAC) and 4.32 Kg/cm 2 is the difference in discharge pressure of the MAC before and after the startup. The effect of forecasted 50% reduction in pressure drop is expected to be 0.056/2 = 0.028Kg/cm 2 as per Seaton [14] , which is equivalent to a reduction in power by 0.028 Kg/Cm 2 × 5.5 Mw/hr /Kg/cm 2 = 0.154 Mw/hr = 154 Kw/hr. This value was subtracted from each value of the total power and the specific power, and then recalculated by using the new power consumption as shown in Table 3 . The following is an example for the impact of the second development as shown in row 2 of The effects of the two developments on the performance were not identical, since the specific power forecasting is not the same for the two cases as shown in Tables 2 and 3. Table 4 shows the actual oxygen specific power and oxygen specific power forecasting as a result of the two developments. The average of the actual oxygen specific power is 0.672 Kw/Nm 3 . The average for oxygen specific power of the first development is 0.662 Kw/Nm 3 , which is less than the actual oxygen specific power by 1.5%. The average of the second development is 0.671 Kw/Nm 3 , which is less than the actual oxygen specific power by 0.14%. Figure 7 shows the actual oxygen specific power and the oxygen specific power forecasting for the two cases. The results showed very minimal impact on the current oxygen specific power as a result of the modification for molecular sieve vessel layout, where two beds can be used in parallel. The results showed bigger impact on the current oxygen specific power of as a result of the adoption for a new molecular sieve, which means the investment on new MS is more profitable than the investment on modification of bed layout.
Conclusion
The technological forecasting for air separation unit purification system is suggested in this paper: new molecular sieve that will consume 50% less power, and new molecular sieve vessel configuration by redesigning the molecular sieve vessel layout.
The impact of these two forecasted methods on the unit used in this paper was evaluated. For the first method, the forecasted oxygen specific power resulted by this development showed drops in the actual oxygen specific power form 0.672 Kw/Nm 3 to 0.662 Kw/Nm 3 , which is equivalent to 1.5% reduction in total power consumption.
The second method was the redesign of molecular sieve vessel layout, where the pressure drop across the molecular sieve system can be reduced to 50%, the forecasted oxygen specific power resulted by this development showed a drop in the actual oxygen specific power form 0.672 Kw/Nm 3 to 0.671 Kw/Nm 3 , which is equivalent to 0.14%. These results encourage the investment on the new MS, which is more profitable than the choice of modification of the MS vessels layout.
